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Purpose: To investigate the safety of high dose hypofractionated radiotherapy (RT) in patients with small hepatocellular 
carcinoma (HCC) in terms of liver volumetric changes and clinical liver function. 

Materials and Methods: We retrospectively reviewed 16 patients with small HCC who were treated with high dose 
hypofractionated RT between 2006 and 2009. The serial changes of the liver volumetric parameter were analyzed from pre-RT and 
follow-up (FU) computed tomography (CT) scans. We estimated linear time trends of whole liver volume using a linear mixed model. 
The serial changes of the Child-Pugh (CP) scores were also analyzed in relation to the volumetric changes. 

Results: Mean pre-RT volume of entire liver was 1,192.2 ml_ (range, 502.6 to 1,310.2 ml) and mean clinical target volume was 
14.7 ml_ (range, 1.56 to 70.07 ml_). Fourteen (87.5%) patients had 4 FU CT sets and 2 (12.5%) patients had 3 FU CT sets. Mean 
interval between FU CT acquisition was 2.5 months. After considering age, gender and the irradiated liver volume as a fixed effects, 
the mixed model analysis confirmed that the change in liver volume is not significant throughout the time course of FU periods. 
Majority of patients had a CP score change less than 2 except in 1 patient who had CP score change more than 3. 
Conclusion: The high dose hypofractionated RT for small HCC is relatively safe and feasible in terms of liver volumetric changes 
and clinical liver function. 
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Introduction 

Surgical resection, liver transplantation, and local ablation 
such as radiofrequency ablation (RFA) are the recommended 
curative treatments for small hepatocellular carcinoma (HCC) 
[1-3]. In clinical practice, the recommended treatments 



for small HCC can't always be performed. Only a small 
proportion of patients are candidates for curative resection 
because of various clinical reasons other than tumor factors 
[4]. Insufficient supply of the donor liver is the concern to 
perform transplantation [5]. RFA is the good alternative as 
the non-surgical modality for small HCC, however, the tumor 
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location could be problematic causing the heat-sink effect and 
sometimes the serious RFA related normal tissue injuries [6]. 

Radiotherapy (RT) has become a palliative option in the 
management of HCC after the listing of RT in the HCC 
management guidelines by Korean Liver Cancer Study Group 
[1]. The listing of RT was possible through the accumulation 
of scientific evidences regarding the feasibility and the safety 
of RT used for HCC management [7-13]. Recently, there are 
notable suggestions that RT could be used even for small HCC 
in the situation which the standard treatment options are not 
possible to be performed [14,15]. Dawson [14] claimed that RT 
could be done with firm clinical benefit for small HCC less than 
3 cm, though she limited the use of RT for clinical trial only. 
Lee and Seong [15] also reported that high dose stereotactic 
body radiotherapy (SBRT) is indicated for small HCC when 
the standard options are limited by technical difficulties or 
patient's refusal of standard therapy. 

The RT for small HCC could be done in whom the RT can be 
delivered safely, with an expected benefit to the patient. The 
authors previously reported the oncological outcomes of high 
dose hypofractionated RT in patients with recurrent small HCC 
[13]. The purpose of this study was to investigate the safety 
in terms of changes of liver volume and clinical liver function 
after high dose hypofractionated RT in patients with small 
HCC. 

Materials and Methods 

1 . Patients 

We retrospectively reviewed 20 patients with small HCC who 
were treated with high dose hypofractionated RT between 
2006 and 2009, same with the study population of previous 
report by the authors [13]. The eligibility criteria for the current 
study were the same with the previous report. And patient 
with at least 2 consecutive sets of follow-up (FU) computed 
tomography (CT) scans were included in the study. Patient 
with massive intra-hepatic recurrence was excluded from the 
analysis. Three patients were followed with less than 3 sets of 
CT scans and a patient had massive intra-hepatic recurrence, 
thus 16 patients were enrolled in this study. 

The medical record, previous RT plans, blood tests and 
CT scans from each patient were reviewed and analyzed 
retrospectively. 

2. Radiation therapy procedures 

For RT planning, contrast-enhanced CT was performed with 



each patient in a supine position with both arms raised above 
their head. 

Until February 2008, CT simulation was done during free 
breathing using HiSpeed Advantage CT simulator (GE Medical 
System, Milwaukee, Wl, USA). The gross tumor volume (GTV) 
was defined as an enhancing tumor visualized on CT images. 
The clinical target volume (CTV) was determined within a 
1-1.5 cm margin of the GTV. The planning target volume (PTV) 
was expanded by 0.5 cm from the CTV. The extra margin of 
1-1.5 cm in the craniocaudal direction was added to cover 
respiratory tumor motion. 

Since March 2008, patients performed 4-dimentional CT 
simulation using the real-time position management (RPM) 
system (Varian Medical Systems, Palo Alto, CA, USA). Before 
simulation, patients practiced respiratory training aided by a 
housemaid biofeedback training system. Thereafter, a CT scan 
was obtained for the arterial and portal phase during free- 
breathing, and then 4-dimensional CT scans were acquired. 
The 4-dimensional CT simulation images were divided into 10 
equal phases of breathing cycle. The 4-dimensional CT images 
of 0%, 30%, 50%, 80°/o phase and free-breathing portal phase 
were used to delineated targets and organs at risk volumes. 
The GTVs were delineated at each phase and summed up to 
determine the internal target volume (ITV). A 0.5-cm margin 
was added to form the PTV. The extra margin of 1-1.5 cm in 
the craniocaudal direction was not added, if the 4-dimensional 
CT scan was used to form the PTV. 

RT planning was done using a Pinnacle 3 treatment planning 
system (TPS; ADAC Lab., Milpitas, CA, USA). High dose 
conformal RT was delivered as 50 Gy in daily 5 Gy fractions 
using 3 or more beams of 6, 10, or 1 5 MV X-ray. 

3. Follow-up 

After the completion of RT, patients were followed by physical 
examinations, blood tests (complete blood cell counts, routine 
chemistry, blood coagulation tests, and tumor markers) and 
triphasic contrast-enhanced CT scans at about 3 months 
interval. Pre-RT and serial 3-12 months post-RT FU CT scans 
were used for volumetric analysis. The serial changes of the 
liver volumetric parameter were analyzed. The serial changes 
of the Child-Pugh (CP) scores were also analyzed in relation to 
the volumetric changes. 

4. Liver volumetry 

The portal phase images taken at pre-RT and serial FU CT scans 
were restored as a fusion image sets using the Pinnacle 3 TPS 
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(ADAC Lab.) for each patient. One dosimetrist (KSW) contoured 
the serial whole liver volumes using the contouring tool in 
the TPS for each patient. And one radiation oncologist (PHJ) 
reviewed the contours whether it is appropriate. The volumes 
of liver region of interests (ROIs) were calculated using the 
internal volumetry software module installed in the TPS. And 
the serial volumetric measurements were extracted in the form 
of spread sheet using a hotscript function in the TPS. 

5. Statistics 

We estimated linear time trends of whole liver volume from 
pre-RT and serial FU CT scans using a linear mixed model for 
continuous variables (SAS PROC MIXED; SAS Institute Inc., 
Cary, NC, USA). A generalized linear mixed model for binary 
and continuous variables was used in which we adjusted for 
age, gender and the irradiated liver volume. In all analyses, age, 
gender and the irradiated liver volume were modeled as fixed 
effects. 

Since the estimated linear time trends are based on individual 
changes over time, the volumetric measurements of at least 
two FU image sets were necessary. As a consequence, these 
longitudinal analyses were based on 78 sets of CT scan from 
16 patients who were eligible. 

All statistical analyses were performed using SPSS ver. 18.0.0 
(SPSS Inc., Chicago, IL, USA). 

Results 

1. Patients' characteristics 

Patient characteristics are shown in Table 1. The majority of 
patients were male and the median age was 62 years (range, 
41 to 89 years). The Eastern Cooperative Oncology Group 
(EC06) performances were less than 2 in all patients. All but 
1 patient had viral etiologies to develop HCC All patients 
received previous treatments including hepatic resection, 
RFA and transcatheter arterial chemoembolization (TACE). 
Treated number of tumors was more than one in 3 patients. 
CT simulations were done in free breathing condition for 10 
patients and 4-dimensional CT simulation was done for 6 
patients. 

Mean pre-RT volume of entire liver was 1,192.2 mL (range, 
502.6 to 1,310.2 mL) and mean CTV volume was 14.7 mL 
(range, 1.56 to 70.07 mL) (Table 1). The absolute liver volumes 
receiving the indicated dose X (V x ) are listed in Table 2. 



Table 1 . Characteristics of patients and tumor 



Characteristic No. (%) 



Age (yr), median (range) 


62 (41-89) 


Gender 




Male 


12 (75.0) 


Female 


4 (25.0) 


ECOG performance status 




0 
1 


8 (50.0) 
8 (50.0) 


Etiology of liver disorder 




Hepatitis B virus 


12 (75.0) 


Hepatitis C virus 


3 (18.8) 


No infection 


1 (6.2) 


Liver cirrhosis 




Yes 


13 (81.3) 


No 


3 (18.7) 


Child-Pugh score 




5 


11 (68.8) 


6 


5 (31.2) 


Tumor numbers 
1 


13 (81.3) 


2 


2 (12.5) 


3 


1 (6.2) 


Clinical target volume (cm 3 ) 




Mean 


14.7 


<10 


11 (68.8) 


10-50 


3 (18.7) 


>50 


2 (12.5) 


Normal liver volume (cm 3 ) 




Mean 


1,192.2 


<999 


5 (31.3) 


1,000-1,249 


6 (37.5) 


1,250-1,499 


2 (12.5) 


> 1,500 


3 (18.7) 


Previous therapy 




TACE 


6 (37.5) 


RFA 


1 (6.3) 


OP + RFA 


2 (12.5) 


TACE + RFA 


7 (43.7) 


Planning computed tomography 




Free breathing 


10 (62.5) 


Control breathing (4-dimensional) 


6 (37.5) 



ECOG, Eastern Cooperative Oncology Group; TACE, transhepatic 
arterial chemoembolization; RFA, radiofrequency ablation; OP, 
sectionectomy. 



2. Treatment outcomes 

All patients received the planned RT without interruption 
associated with treatment-related toxicity. There were minor 
anorexia and nausea in 4 and 5 patients, respectively. There 
was the progression of ascites after RT in 1 patient. There were 
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no cases of grade 3 or greater treatment-related toxicity, such 
as radiation induced liver disease (RILD) or death. 

The median FU after RT was 38.1 months (range, 3.9 to 75.0 
months). The 3-year overall survival was 62.5% (Fig. 1). Three 
patients had in-field failure and the 3-year local control was 
81.3% (Fig. 1). Intra-hepatic control rate was 31.3% at 3 years 
(Fig. 1). Additional TACE was performed in 11 patients. 

Seven patients had in-field failure (3 patients) and intra- 
hepatic failure (4 patients) during the serial volumetry pe- 



Table 2. Clinical target volume (CTV) and irradiated normal liver 
volume per radiation dose 



Mean (range) (ml_) 



Standard 
deviation 



CTV 



14.70 (1.56-70.07) 
391.81 (234.83-595.10) 
194.39 (91.64-391.03) 
115.77 (21.85-300.12) 

65.98 (7.29-144.36) 
7.75 (0.03-45.21) 



20.60 
118.81 
84.85 
61.95 
33.27 
10.86 



riod. Mean recurrent tumor diameter was 1.40 cm in in- 
field recurrences and 1.93 cm in intra-hepatic elsewhere 
recurrences (Table 3). 

3. Liver volumetry 

The number of FU CT sets was different according to the 
patients' condition such as HCC progression or FU compliance. 
Fourteen (87.5%) patients had 4 FU CT sets and 2 (12.5%) 
patients had 3 FU CT sets. Mean interval between FU CT acqui- 
sition was 2.5 months. 

The absolute and relative changes of liver volume measured 
through the FU period compared to pre-RT CT image sets are 
appeared (Fig. 2). After high dose hypofractionated RT for 



Table 3. Size of intra-field and intra-hepatic recurrent tumors 



No. Mean (range) Standard 
occurred (cm) deviation 



In-field recurrence 3 1.40(0.8-2.0) 0.49 

Infra-hepatic recurrence 4 1.93(1.0-3.0) 0.75 
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Fig. 1. Treatment outcomes; (A) the overall survival rate (OSR), (B) 
the local control rate (LCR), and (C) the intra-hepatic control rate 
(IHCR). 
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Table 4. Linear mixed model analysis 



Effect 


Num DF 


Den DF 


F-value 


p-value 


V 10 x time 


4 


68 


0.25 


0.9088 


V 20 x time 


4 


68 


0.13 


0.9719 


V 30 x time 


4 


68 


0.11 


0.9773 


V 40 x time 


4 


68 


0.16 


0.9591 


V 50 x time 


4 


68 


0.07 


0.9915 



Num DF, numerator degree of freedom; Den DF, denominator 
degree of freedom. 



small HCC, there was no significant change in liver volume 
throughout FU period. The change in absolute volume was 
less than 30% except in 1 patient (patient #5) (Fig. 2A). After 
considering age, gender and the irradiated liver volume as a 
fixed effects, the mixed model analysis confirmed that the 
change in liver volume is not significant throughout the time 
course of FU periods (Table 4). 

The relative changes were distributed between -30% and 
+30% (Fig. 2B). It seemed there are two distinct groups 
of patients in its relative volume changes of the liver. The 
compensatory increased volume followed by decreased volume 
was appeared in 6 patients and the initial slightly decreased 
volume followed by steadily preserved volume appeared 
in 10 patients. There was a difference in the 3-year overall 
survival between two groups (66.7% vs. 60.0%), but it was not 
statistically significant (p = 0.324). 

4. Clinical liver function (CP score) 

The absolute CP score and the change of CP score along with 
the FU period are appeared (Fig. 3). The change of clinical liver 



function assessed in the form of CP score was not profound. 
Majority of patients had a CP score change less than 2 except 
in 1 patient who had CP score change more than 3 (Fig. 3B). 
This patient (patient #5) had noticeable changes of liver 
volume (Fig. 2). 

The patient (Patient #5) had the progression of liver cirrhosis 
(LC) and the febrile cholangitis after RT. He had initial compen- 
satory increase of liver volume about 20% followed by the 
rapid shrinkage of liver volume more than 40% from its largest 
measurements. He died of LC progression. 

Discussion and Conclusion 

Many studies have reported that the lesser the volume of 
remnant liver, the greater the risk of liver failure in patients 
undergoing partial hepatectomy. Liver functional reserve is 
related to the quantity and quality of hepatic cells. Therefore 
the volume of remnant liver reflects the function of liver. In 
the cirrhotic condition of liver, not only the number of hepatic 
cell but also the extent of fibrosis influences the volume of 
liver. Thus, the volume of remnant liver might be overestimated 
to the function of liver. So, as to estimate the clinical liver 
function after radiation therapy for HCC, the liver volume and 
the other determinants to evaluate the liver function is needed 
to be evaluated. 

In the current study, the authors evaluated the change of 
liver volume and CP score as a surrogate of patients' safety 
after RT for small HCC. The change of liver volume and CP 
score was not profound in this study population. The high 
dose hypofractionated RT for small HCC is relatively safe and 
feasible to confirm the potential role as a curative modality 
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in patients with HCC ineligible for standard therapies such 
as resection, transplantation and RFA. However, as in patient 
#5 with baseline CP score of 5, though it is not sure that the 
progression of LC and the marked shrinkage of liver volume 
is related with RT in the patient, the application of RT as a 
curative treatment has to be decided carefully only for patients 
with sufficient clinical liver function reserve and sufficiently 
less normal liver irradiation achievable. 

While applying the RT as a palliative treatment for advanced 
HCC, it is not infrequent to observe the shrinkage of HCC itself 
and the adjacent normal liver included in the treated volume, 
accompanied by compensatory hypertrophy of the non- 
tumor liver [16,17]. The temporal balance after RT between 
the shrinkage of adjacent normal liver and the hypertrophy 
of non-tumor liver is important in the preservation of 
clinical liver function as compensated. Sometimes the 
compensatory hypertrophy after RT provides a beneficial 
condition for surgical resection for advanced HCC [16]. The 
factors associated with liver regeneration such as the extent 
of resection have been evaluated in the surgical settings 
[18]. However, the impact of RT related factors associated 
with the temporal balance between ipsilateral shrinkage and 
contralateral hypertrophy of normal liver after RT has seldom 
been addressed [18]. At least, the partial liver irradiation with 
sufficiently small treated volume as in the current study did 
not result the considerable shrinkage of ipsilateral normal 
liver and the contralateral compensatory hypertrophy. Further 
studies on the RT related factors associated with liver volume 
change are warranted. 

RILD is one of the most important treatment-related com- 
plications in patients receiving RT for HCC [19]. The dose 
volumetric guidelines to prevent RILD were reported by 
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several investigators [11,20]. Recently, with the help of 
these guidelines and high precision radiation delivery in the 
treatment of HCC, the classical RILD is reported less frequently. 
The CP score is a well-known prognostic factor in patients with 
LC. And CP score is used as a measure of clinical liver function, 
thus we hypothesized that CP score changes could reflect the 
change of clinical liver function after RT especially in patients 
who have shown non-classical RT induced liver damage. In the 
current study, the patient died of LC progression showed the 
increase of CP score more than 3 after RT for small HCC. It is 
believed that the CP score change can be used for FU of liver 
function along with the change of liver volume. 

Recently, there were discussions on the paradigm shift in 
RT role for HCC from palliative to curative by several inve- 
stigators. Dawson [14] pointed out that RT could be used 
not only for palliative treatments but for potentially curative 
options in small to medium sized HCC. The highest chance of 
tumor control after RT is paradoxically in patients with small 
HCC <3 cm; the tumoricidal doses of RT are possible to deliver 
safely [14]. To the traditional palliative application, Dawson 
[14] added the items of bridging RT prior to transplantation; 
salvage RT for HCC refractory to other therapies and definitive 
RT for HCC unsuitable for standard curative therapies, as 
the RT role in the treatment of HCC. For these ambitions to 
become a clinical reality, RT should be decided only for patients 
in whom RT could be delivered safely enough besides the 
tumoricidal radiation doses. 

With the application of 4-dimensional conformal RT 
techniques considering patient's breathing, the high dose 
hypofractionated RT such as SBRT exert the potential role 
for curative RT in patients with small HCC [13]. Furthermore, 
the role of particle therapy is expected promising in the near 
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future. Particle therapy is another example of a technologic 
advance that should benefit HCC patients by reducing the 
integral radiation dose to the liver, facilitating treatment of 
larger tumors, and allowing more patients to be treated safely 
with high doses [21]. Further volumetric studies using particle 
therapy such as proton therapy is warranted to investigate 
that the particle therapy is safe and effective modality in the 
treatment of small HCC. 

Limitations of the current study were the small number of 
patients and retrospective nature. In the mixed model analysis, 
the temporal change of the liver volume was not statistically 
significant. It could be due to that the liver volume was not 
affected by high dose hypofractionated RT for small HCC or 
the number of study population was not sufficiently large to 
reveal the temporal volume change. And there are possibilities 
that the liver volumes were affected not only by RT but also 
intra-hepatic recurrences followed by salvage treatments 
such as TACE. However, in our series, mean recurrent tumor 
diameter was 1.40 cm in in-field recurrences and 1.93 cm in 
intra-hepatic elsewhere recurrences. So, the average extent 
of liver volume change due to intrahepatic recurrences are 
around 30 cm 3 . It is believed that the intra-hepatic recurrences 
didn't influence enough to make the considerable change of 
entire liver volume. 

In conclusion, the changes of liver volume and clinical 
liver function in the form of CP score after high dose hypo- 
fractionated RT in patients with small HCC was not profound 
in this study population. The high dose hypofractionated RT 
for small HCC is relatively safe and feasible in terms of liver 
volumetric changes and clinical liver function. 
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